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Anthrax Vaccination and Self-reported Symptoms, Functional Status, 
and Medical Conditions in the National Health Survey of Gulf War Era 
Veterans and Their Families 
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AND JACK M. HELLER, PHD 

PURPOSE: To e\-aluarc the health status ofGulf War veterans who reported receipt of anthrax v;~cc~na- 
tion and a small group of Gulf War veterans for whom dcxllmentation of anthrax vaccinarion exists. 
METHODS: Among thc 11,441 Gulf War veterans who completed a health survey, 4601 reported 
receiving thc anthr~x vaccinc during the war; 2979 vererans reported not receiving it; 3861 were uncertain. 
Also, 352 of rhcse respondents were documcnred by thc Ileparrment of Defense as having rcceived 
anthrax vaccination. We compared the medical history of thssc groups clt' veterans using mult~variate 
analysts. F~nally, we analyzed perception of expmrc and its relation to reporting bas. 
RESULTS: Thcre werc statistically significant differences in prcvalcrtcc for alr~~ost all outcnlnes studied 
ktwccn rhose who reported having receivcd anthrax vaccination and thosc wlro did nor so report. 
However, when rve compared the veterans for whot~l vaccination records exist to the group who self- 
reported that rhey had not received the vaccine, the significanr differences in prevalence for almosr all 
of thc outcomes disappeared. 
CONCLUSIONS: The cxtent of a reporting h~as should be carefully considered when one evaluates 
rhc healrh conscquenccs of anthrax vaccination based on self-rcporrcd data. 
Ann Epdemiol 2004;14:81-88. O 2003 Elsevier Inc. All rights reserved. 

hTy WORDS: Gulf War, Anthrax Vaccine, 1nform;ltion Bias. Rccall Bias. 

INTRODUCTION 

Beginning in August 1990, US military personnel were de- 
ployed to the Gulf theater in response to Iraq's invasion of 
Kuwait. The Department of Defense (DoD) authorized the 
administration of vaccinations to thesc troops to protect 
against potential battlefield exposure to biological warfare 
agents, in particular, anthrax and botulism. Due to lim- 
ited amounts of vaccine and vaccination protocols that 
called for multiple doses, not all service personnel received 
these vaccinations. DoD es~imated that 150,000 US troops 
received at least one dose of the estimated 3 10,680 doses of 
anthrax vaccine sent to the Gulf [heater and 8000 persons 
were vaccinated with hotulinum toxoid with nearly 138,000 
doses sent to tlw Gulf theater (1, 2). 

Service personnel returning from the Gulf War have 
developed a variety of unexplained symptoms for which 
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the cause ren~;~irls unknown. There has been tnuch specula- 
tion as to the possible role of vaccinations in the etiology 
of these unexplained illnesses (3). To  date, even though 
troops continue to be vaccinated, there have been no long- 
term studies to address what possible health effects may 
result from these specific vaccinations. Furthermore, no sig- 
nificant adverse effects of the vaccine have been reported 
in the few peer reviewed short-term studies (4-7). 

The medical records from the Gulf War contain little 
or no information on even what vaccinations were given 
to the individual much less the timing or number of doses 
administered (8). The  Off~ce of the Special Assistant for 
Gulf War Illnesses indicated in their 1999 report that there 
was confusion about how vaccination data in the Gulf 
theater were to be recorded (8). There was also a consider- 
ation in not keeping shot records to avoid aiding enemy 
strategy. T o  date, DoD has been able to produce only iso- 
lated lists of small numbers of persons receiving anthrax or 
botulism vaccinations. 

METHODS 

National Health Survey Population 

This analysis takes advantage of the health survey data 
collected between 1995 and 1997 for a retrospective cohort 
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Selected Abbreviations and Acronyms 

aOR = adjusted adds rario 
CAT1 = computer asistcd telrphone intervirwing 
CHPPM = Center for Health Promorion and Preventive Mcdicinc 
CI =,confidence interval 
DMIK = Dcfensc Mnnpuwer Dara Cenrer 
DoD = Department of Lkhnjc . . 

CWV = Culf War veterans 
NHS = National Health Survcy of Gulf War Era Veter;ins and 'Their 

Families 
SSN = social security nurnhrr 
VA = Drparrrnunt of Vcrerans Affairs 

study in which health histories of a population-based sample 
of 15,000 troops deployed to the Gulf area were compared 
with those of 15,000 troops not deployed in the Gulf area. 
The study is entitled the "National Health Survey of Gulf 
War Era Veterans and Their Families" (NHS). The design, 
data collection methods and instruments, and results of 
Phase I and 11 have been described in earlier reports and 
are summarized here (9-13). 

The Department oiDefense (DoD) identified [he popula- 
tions from which to sample 15,000 Gulf veterans and 15,000 
non-Gulf veterans. The DoD Defense Manpower Dara 
Center (DMDC) provided military and demographic infor- 
mation for 693,826 US troops deployed to the Gulf area 
during the Gulf War. The  DMDC also sampled 800,680 
individuals, or approximately half of all military personnel 
oil duty between September 1990 and May 1991 but not 
deployed to the Gulf. 

Stratified random sanrpling by gender, unit component, 
and branch of service ensured that each scrbgrvup was ade- 
quately represented among the Gulf veterans and nun-(3ulf 
veterans. Women, reservists, and National Guardsmen were 
over-sampled. The nun-Gulf troops were likewise stratified 
and randomly samplcd to mirror the number in the corres- 
ponding Gulf stratum. 

Data Collection Methods and lnstrurnents 

A srructilred 16-page questionnaire suliciting informaci:~n 
on veteran's health status and reproductive rliltcomes, expo- 
sure to prxsihle risk factors, ancl confounding variables was 
mailed to 30,000 veterans. It was accompanied by an intro- 
ductory letter regarding the purpose of the study inclucling 
an explanation of informed consent, and a pre-addressed, 
starnpetl return envelope. A letter and replacement clues- 
tionnairc were sent to non-respondenrs of the previous tnllil- 
ing again at 10 weeks and at 6 months. In Ph;lsc 11, telephone 
interviews using computer assisted telephone interviewing 
(CATI) software were atcemptecl on the remaining nrrn- 
respondents. The same questionnaire was adopted. 

Definitions of Study Subjects and Exposures 

Documented exposed cohort. DoD provided the identities 
of 8376 Gulf War veterans who have appedred on various 
DUD lists of individuals who received at  least one anthrax 
and/or botulinum toxuid vaccination while in the Culf 
theater. This compilation of data contains the largest 
group of Gulf War veterans identified as having received 
anthrax vaccinations (n = 769 1 ). The sources of these data 
were the Office of the Assistant Secretary of Defense- 
Health Affairs, the Walter Reed Army Medical Center, and 
the Army Center for Health Promotion and Preventive 
Medicine (CHPPM). The  data were combined, duplicate 
entries were excluded, and Social Security numbers wcre 
confirmed against the Defense Manpower Data Center 
(DMDC) roster of military persons deployed to the Culf 
theater between August 2, 1990 and July 31, 1991. The file 
of Gulf War veterans with a documented anthrax vaccina- 
tion was matched to the 11,44 1 Gulf deployed veterans who 
responded in Phase I or I1 of the National Health S ~ ~ r v c y  
of Gulf War Era Veterans and Their Families (9).  Record 
linkage produced 352 persons who responded to the survey 
questionnaire and who appeared on the list of 7691 veterans 
who received at least one anthrax vaccination (Documented 
DoD Group). 
Self-reported as Exposed. O n  the survey instrument, parti- 
cipants were asked, 

"Have you taken or received any of the following while 
in the military:.. . 

... Anthrax vaccine (injection): NO; DON'T KNOW; 
YES 

IF YES, when was the MOST RECENT TIME that 
you had this mcdication! 

1 MONTH/YEARV 
Included in this list of nine specific pills ant1 vaccines 

were three types of pills (malaria, ciprofloxacin, and pyri- 
dosrigmine) and six types of vaccines (anthrax, typhoid, 
botulism, immune globulin, plague, and meningncocu.s). 
Among the 11,441 Culf War veterans, a total of 4601 Gulf 
veterans (40.2%)) self-reported (S-R) on the survey insrru. 
men[ that they had received anthrax vaccinariun and 2979 
(26.0%) reporred that they had nor received anthrax vac- 
cine. The remaining 38G1 (33.7%)) werc uncertain or did 
nut answer the question. 

Definitions of Outcomes 

Heillth history and exposure data collected from veterans 
included: prescnce of various symptoms, medical and psy- 
chological conditions, exposures in che Culf theater, self 
assessed health status, Ineasurcs of functional impairment, 
and health care utilization. Basic demographic data a r ~ J  
milirary variables (date of birth, gender, marital status, race, 
brmch, rank, MOSC, unit component) came from IMLX 
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and VA records. A sclf-reported syrnprom inventory, com- 
prised of 48 items rcpresenrarive o f  r l ~ e  symlitoms cornmonly 
reported by outpatients was ~lscd ~ 6 )  assess rhe prev;~lencc 
of'sc~~natic and psychological syrnprolns (14) .  Intormation on 
the ri~ncofonsrt and severity ofsymptn~ns was alsocollcctetl. 
Thc  guideline for reporting ;I symptoln expcrienccd during 
the past year as "severe" was that its presence was sufficient to 
seek medical advice, take prescription drugs, lose work, or 
limit routine activities. All these clutcomes are fully de- 
scribed for thc entire cohort of 1 1,44 1 Gulf veteran respon- 
dents and 9476 non-Gulf veccran respondents elsewhere (9). 

Statistical Methods 

W e  nieasured the association hctwcrn receipt of anthrax 
vaccinc (both by the self-reported responses in the survey 
questionnaire and hy thc docu~nented DoD record) and the 
various health outcolncs described ahove. First, we com- 
pared the morhidity experiencc of the three self-rcported 
history groups: 4601 S.R yes, 2979 S-R no, and 3861 S-R 
unknown. The variablc which idcnrified the three self-re- 
ported groups was transformed tci two indicator variables: 
XI = 1 ,  0 and X2 = 0, 1.  "S-R no" served ;IS thc referencc 
category. A multiple logistic regrcssion n~odcl was set up in 
which morbidity experiencc (a binary variable) was rr- 
gressed on ~hesc two indicator variables as well as on several 
other independent variables. Dcmographic, lnilicary facrrors, 
and confounding variables contained in the models included 
gender (malc vs. female), age in 1991 (<30  vs. 2 3 0  years), 
race (white vs. other), marital status (single vs. ever rnar- 
ried), rank (officer or warrant vs. enlisted), branch of service 
(Navy and Air Force personnel were categorized as non- 
ground troops, and Army and Marines were categorized 
as ground troops), unit component (active duty vs. reserve 
or  National Guard), current smoker (within past 12 
months), and current alcohol use (within past 12 months). 
Also included in the regression model was a variable repre- 
senting other vaccines administered (typhoid, borulinum 
toxoid, immune globulin, plague, and meningococus). This 
variable was coded as the sum of the number of vaccines 
received, other than anthrax, and ranged from 0 to 5. 
T h e  coefficients of the two indicator variables were used 
t o  assess the association between the self-reported group 
identity and the morbid outcomes. Adjusted odds ratios 
(aORs) and 95% confidence intervals (CI) were estimated 
(15). This process was repeated for 4 disahility/utilization 
indices, 3 1 medical condirions. and 4 8  symptoms. 

Cocliran-Mantel-llacnszel analysis toesrirnaccC>Ks;~nd 95'%:3 
CI adjusted f o r  confounders (16). These confounding factors 
were r1~111111er of \ .RCCIIICS rccci\~t'tI other than anrhr;~s 
( ~ 2  vs. 2 3  vaccincs), ~ e n d e r ,  Iir;~nch, and unit con1pc)ncnt. 
Llata analysis was using the Statistical An;>lysis 
Systc111 ( 15) .  

Stratification of "Documented DoD Group" 

Third, we cstimatcd the prevalence of disability indices, 
medical conditions, and symptoms for the docu~nentrd 
group stratified by the three self-reported categories of an- 
thrax vaccination: S-R yes ( n  = 260), S-R n o  (n = 34). S-R 
unknown (n  = 58). 7?1c non-parametric Wilcoxon signecl- 
ranks test was used to assess whether the prc\lalencc in S-R 
yes group was the same as the prevalcncc in the S-R n o  
group considering all outco~nes summarized ( 1  7) .  

-- 

RESULTS 
The percent distributions of selected demographic, military 
characteristics, and confoundcn among the Gulf veterans 
who participated in the survcy are presented in Tahle 1, 
srratifieil by the three groups defined by self-report of an- 
thrax vaccination, and for the s~rlall group of Gulf War 
veterans for whom documentation of anthrax vaccir~ation 
exists. The groups differed significantly in characteristics. 
The "Documented DoD Group", when compared with the 
group who reported having received the vaccine, were 
more likely to he female (p = 0.0030); unmarricd individu- 
als (p = 0.0031); who were ground troops (i.e., served in 
the army and marines) (p < 0.0001); and served in the 
reserves (p < .0001) at the time of the Gulf War. The distri- 
butions of number of vaccines received, other than anthrax, 
were different (p < 0.0001). Adjustment was made for most 
of these differences in the analysis (see footnotes to Tables 
2, 3, and 4). 

The 4601 veterans who reported having received the 
vaccine differed from the 2979 negatively reporting group in 
characteristics of gender, (p < .0001); rank, (p = 0.0064); 
serving as ground troops (p < 0.0001); and reserve or Na- 
tional Guard rather than active duty, (p < .0001). History 
of smoking within the past 12 nlonths differed between the 
S-R yes and S-R n o  groups (p = 0.0219); as well as number 
of vaccines received other than anthrax ( p  < 0.0001 ). In 
the multivariate logistic analysis of outcomes, adjustment 
was made for all these factors as well as for other demo- 

Subsequent Comparison with "Documented DoD Group" graphic variables. - .  
Second, we compared the morbidity experience of the 352 The   re valences of functional impairment, limitation of 
veterans with documented anthrax vaccination according employment, and medical care utilization due to illness are 
t o  DoD records with the group who self-reported as negative presented in Table 2. Those who reported that they had 
(2979 S-R no). For these comparisons we used the stratified received anthrax vaccination list higher rates of disability 
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TABLE 1. Percent disrriburion of selected characteristics for 11,441 Gulf War veterans according to self-report of anthrax 
vaccinarion and for exposed group documented to.have received anthrax vaccination 

Anthrax  vaccination 

S-R Ye, S.R Unknown 5-R N o  Docurnenred 001) 
Characterisr~cs (N = 4601) (N = 3861) (N = 2979) (N = 352) 

Ceder 
Male 
Female ~. - . 

Age (me;ln age in  yrs in 1991) 30 .8  29.8 10.7 11.5 
(interquartilr range) 23-37 23-35 24-36 2 3-39 

Rac' 
Whi te  74.9 71.5 74.7 77.0 
Black 16.2 10.3 18.6 15.3 
O t h e r  6 .8  8.2 6 .7  7.7 

Marital t a t t r s  
Single 41.5 44.3 40.6 49.7 
Married 52.4 50.8 54.9 44.3 
Orhcr  6.1 4.9 4.5 6 .0  

R ; ~ n k  
Officer 13.2 8.3 16.4 13.6 
Warrant 1.6 1.3 0.8 2 .O 
Enl~sted 85.2 90.4 82.8 84.4 

Branch of service 
Ai r  Filrce 8.6 9.4 22.4 3 .4  
Army 74.4 64.6 44.3 96.6 
Marinc 11.3 12.6 9.1 0.0 
Navy 5.7 13.4 24.2 0.0 

Unit  type 
Acttve Jury 28.6 38.5 49.1 4.8 
National Guard  31.2 28.8 23.3 22.4 
Rewnce 40.2 32.7 27.6 72.7 

Alcohol use (past I2 months)  76.1 75.6 76.6 75.6 
Cigaretrcs (past I 2  months)  34.9 35.7 32.3 31.2 
Number of Vaccines (other  than  anthrax)  

0 10.5 37.1 29.1 19.6 
1 20.8 27.4 27.3 22.4 
2 28.8 20.6 2.5.8 23.0 
3 21.5 11.0 13.1 20.7 
4 10.5 3.4 3.6 11.1 
5 7.9 0.4 0.7 3.1 

l'.ualua (or cvnrinu~ry adjurred ~ h i - ~ u u r c  r e r  of indepcnilencc between characterisr~c a d  grcrtps IS-R Yes vr. S-R Kc,) Arc: lor gcndcr. p < 0.0001; agc: (<N "5. a10 
p = 0.8685; racc: whitc srs. non-white. p = 0.801 5; cnariral sraraa: s~ngle rr.  manietl and other, p = 0.4302; rank: enlirred vs. ollicer and wanant, p = 0.0064; brdnch of ,crvicc: 
Krojmd troops vr. nt,n.grt>urd. p < 0.0001; unir type: active Jnry vs. Nationst1 Cnarrl vs. Keservc\, p < @.O(MI: hirtnry u f  smoking dt1r113x p : ~ t  I2 nlonrhs: ycs vs, nt,, p = 3.@2]Y: 
alcoh,ll uw p:t.t 12 rnunrhr: yes vt. no. p = O.hl lY;n~~mhcrufvacc~r~cs~~rh~rrhannnrhrdx (0,l. .... 5), p < C.OMI; nu~nhcr ofvaccinc>otht.r rhsn ;~nrhrax ( S  Z vr. a l ) . p  < O(X)@I 
P-vallu Ln st,ntinulty a]ju*td c h ~ . ~ u a r u  test d ~ d c ~ n d c t ~ c e  berwccn chanctrrirr~c ;ulJ g n ~ u p  l k u m m t n l  I b D  vs. S-K Ya) are: k ~ r  geldcr, p = 0.0030; g c :  ( < l o  vs 3 3 J  
yean),  p = 1.W; r:tce: whttr: vs. non-wh~re, p = 0.4281; mariral status: a ~ n ~ l c  vs. n~ar r~rd  and orhrr, p - ,0031; rank: cnl~srcd vs. ofticrr and warmnr, p = 0,7415, hranch ,,i 
bcrvicc: pnrunJ rruops vr. rum-rround, p < 0.0001; unit rypc: acttvc dury vr. N~llonal Gaard vs. Rcscrvcs, p < 0.0001: history ol rtnokltrp during prsr I2 nbunths: yc.i vs. n,,. 
p = @ IR12; alcohctl use parr 12 month,: vcs vs. nn, D = 0.8824; ntlrnhrr tnf vaccine other t h m  anthrax. (0, l .  .... 5). P < 3 . W I ;  nurt~her of vdcilnrr uthcr than *nthrar (s2 

~ - . - 

VS. P3). p < 0.0754. 
P,v~luer fnr cunrinuity aJjusrCL) chi-S~U:IW rcsr (d  ~ r d c ~ l d e n c r  brrwren char;~sterirric anJ gnrup (Doc~trnmmeJ UILI vs. 5-R Nu) ;arc: t ~ r  pnrlrr, p < 0.Oa)l; ngc: ( ~ 1 0  v i  2.30 
ymrr). p = C.9976; rdce: wh~re r, nun.u,hitc, p = 0.3737; nrart~al rtatus: ritrclr v>. ~s:~n,cd a n ~ l  orhcr. p = 0.0312; rank: cnlistcil v l .  off~crr aid n-arranr. p = 0.5077: h r~nch  uf 
sewtce: ground r r ' ~ ~  vs. n ~ n - ~ r o u n d ,  p < 0.0001; unir rypc: acrivr duty vr. Natitsnal Guard vs. Rcxwcs, p < O.cW@I; histurv ul .itnatin:: ~lurlng past I2 month.: yes bs n',. 
p = 0.7276: alcohol use past I2 months: yes vs. 1x8, p = 0.7140. nurnhrr d v*ccinr, urhcr than an~hraa (0.1, .... 51. p < O.iWOi; nunthcr o( vacctnes orhrr r h a ~ ~  znrhrdx (s? 
v5 *3 ) ,  p c o.uw1. 

and utilization of health care services, as measured hy  at 

least one clinic or doctor visit within the previous 12 
months, other than for a routine physical examination or 
vaccinatiun. They also report more hospitalizations within 
the previous 12 months than the other two groups defined 
by self-rcport. 

Gulf veterans who self-reported that they had received the 
anthrax vaccination reported the presence of chronic clis- 

ease conditions at  one and one-half to two times more 
frequently than G~rlfvererans who reported that they did not 
receive the vaccine (Tzrblt: 3 ) .  The  results of the multivariate 
regression analyses in which the reference category for 
the odds ratios was self-report "no" are presented where the 
statistics estimated fur selected medical couditions, fro~r, 
among the 31 stt~clicd, are ranked in decreasing order o i  
prevalence of the condition in the self-report "yes" group. 



TABLE 2. P r e v a l e n c e  a n d  ; r J j u s t r d  o d d s  r a t ios  ol' f i ~ n c t i i l n a l  i t n p ; r i r ~ l ~ c n r ,  l i n ~ i t a r i o n  o f  e n ~ p l n y m c n r ,  a n d  m e d i c a l  c a r r  urili;a~irrn 
J11e 11, i l lness  a m ~ m g  11,441 G u l t  W a r  v e t e r a n s  a c c o r d i n g  t o  self-rrpnrr  of ; ~ ~ l r h r a x  ( ' ; l cc ina t ion ;  ;+Is11 Tor 352 G u l f  W a r  vrter : rns  ior  
u f h o n ~  ; rn th rax  \ 9 a c c i ~ l a t n ~ n  is d c ~ c u n i c n r r d  i n  I)r>l) r ecords  

Scli-rcpurtcd anrhrnx \.;tccinatron h r ~ r n c n ~ r ~ l  Adjusrcd oJc1s r;rticl ( Y  5% (:I )' 

Y c., U n k ~ i n u ~ ~ i  N o  Ilcll) Anrhrax  Vilccinatiun 
(N = 4601) (N = 3861)  (N = 2079) ( N  = 352) Ycs' u n k n o w n '  I~-IL)* 

F u n c ~ ~ u ~ ~ a l  rmpairnicnr" 32.7 28.6 19.1 26.C 1.73 (1.54-1.96) 1.58 (1.41-1.79) 1.20 (O.VI-I.6Q) 
Li~nl:ation (11' empluylnent*" 21.3 17.9 10.2 17.3 2.13 (1.83-2.48) 1.86 (1.60-2.16) 1.56 (1.12-3.17) 
Clllirc V ~ S I I '  55.7 4K.4 45.6 54.3 1.36 (1.22-1.50) ' 1.14 (1.04-1.26) 1.25 (097-1.6C) 
I i n s p i ~ a l i z i r i ~ ~ n q  8 .8  i . 6  6.3 9.4 1.22 (l.09-1.48) 1.21 (0.99-1.47) 1.34 (0.SY-2.01) 

'*l'orlrivc rcrpunrr rqr rhc qur.rilmn, " T l ~ r l r k ~ n ~  hack <,<cr rhc pa,[ ! w r r b ,  dad you rray in hcd t l r  81 It<mlnc ,111 ur par1 all any day hecausc yltu d ~ d  nor feel ivell < > r  .lr :I rc~ulr ,,I 
i l l r~crrc . r  vr injury" 
' L t l ' ~ ~ t i i ~ ~ c  rcynnsc ro tlrc qtlcrrwrl, "Are y o u  I~rnirud 111 y$>ur ct~~pl<~ymunt or rhr ktnd ~\i wn~rl, yg,u <.in Jo arc~unJ rhr hourc bccav.c of any innpdirmcni I r r  health prohlrri~>l" 
:(:ltn~c visit hccaw 19i illncss dtirinl: PLLII I! monrhs. 
'1icepil:tli:arinn hccauw oi  illnes, during parr 12 ttronrh.. 
CI: (:~lnf~Jence inrcrval. 
'Adiur~ed c~lJ: rarin, ( 0 5 % ~  C1) wcrc ,Icrwcd I'r,,rn I~,gisrrc nl~xicls. Rctcrcncc carertry w.i< ccli-rcp.r,rt "NcI." AJ)u..rnlenr t v ~ s  IIIIJC for numhc~ of vaccrncs rrie~vrd ttlhrr r l~:~n 
anihrax (11,l.. . .5) :  gendrr (rnrlc vs. ien~alr) ;  ngu in I l ) i ) l  (<10 $ 5 .  r $0 yrr.); race (whirr vr. nrher): nraruol mtur  (\ingle vs. cvcr nrarrrrd); rank (ntfrcet or warrant v*. cnl~'rcd); 
hril~izh nC scrvficr (nl,n-gri>urrd rrtrt>p, \.,. gr,,t,rr,l rr$wp.); unlr cr,mponcr,r ( ~ a ~ v c  ditty v5. Na~it,nal UuarJ car Rr~err~ez): currunr a h h n l  use Irrnithin past 12 1nottrh.1. era1 
cunrnr clqdrcrte u\r (u,id>in ,,art I! ~not>rl~j) .  

'Adlt,rrcd d d r  rarim IY5'% C l )  litr Jucu~ncittcJ \.acclnnrion by I h L )  r c c < ~ r J ~  rclnrivr to xlf.rrprr "&I;' were Jcrivcd thrtttr~h stratrfrrd Gchran-Milntcl I4acna:cl ( 1  5) analy>rs. 
hdju~rnrrnr W A S  ttmdr rur variahlcr t h ~ t  wcrc ctnrrclarcd u:ith h ~ t h  cxpsurc (anrhr~x vacclnc) :xnJ <tutcorne Lct,ndirttm). Thche uinfounding factorr; included numhrr 
v~ccines rescivcd oiher than 3nrhr;lx. ( S !  vs. a3); ycnJcr (m.11~ rs. fumalc); hmnch of scrvlcc (nc>n.pan~nd trtxlp* r s .  grc~~ind troop*); unrr ct~mplncnr (acrivr Jury PG. Natrt911~l 
(;uard c>r Krhrn-r.r) 

The s e l f - r e p o r r i n g  of a n t h r a x  v a c c ~ n a t i o n  w a s  s i g n i f i c a n t l y  

a s s o c i a t e d  w i t h  each o f  the c h r o n i c  m e d i c a l  c o n d i t i o n s  even 
w h i l e  c o n t r o l l i n g  f o r  othcr c o v a r l a t e s .  T h i s  w a s  true f o r  

both s e l f - r e p o r t  "yes" w i t h  r e f c r e n c c  c a t e g o r y  s e l f - r e p o r t  
"no", as w e l l  as f o r  s e l f - r e p o r t  " u n k n o w n "  w i t h  r e f e r e n c e  

c a t e g o r y  s e l f - r e p o r t  "no." H o w e v e r ,  when one c o m p a r e s  

t h e  " D o c u m e n t e d  DoD G r o u p "  t o  t h e  s e l f - r e p o r t  "no" g r o u p  

(n = 2979), t h e  a d j u s t e d  ORs show no a s s o c i a t i o n  b e t w e e n  

r e c e i p t  of anthrax v a c c i n e  and onset of the m e d i c a l  c o n d i -  

t i o n s  for f i v e  of t h e  eight s t u d i e d  (Table 3). 

The p r e v a l e n c e s  o f  s e v e r e  s y m p t o m s  are p r e s e n t e d  i n  

T a h l e  4 f o r  all t h r e e  s e l f - r e p o r t  g r o u p s  f o r  the t e n  m o s t  

f r e q u c n r l y  r e p o r t e d  s e v e r e  s y m p t o m s  i n  t h e  s e l f - r e p o r t  "yes" 
g r o u p .  S e v e r a l  s y m p t o m s  w e r e  t w i c e  a s  p r e v a l e n t  i n  those 
w h o  s e l f - r e p o r t e d  h a v i n g  r e c e i v e d  the v a c c i n e ,  w h e n  com- 
p a r e d  w i t h  t h e  self-report "no" g r o u p ,  c h i e f l y  f a t i g u e ,  j o i n r  

a c h e s ,  a n x i e t y ,  d e p r e s s i o n ,  sleep d i f f i c u l t y ,  and r e f l u x .  T h e  
s e l f - r e p o r t i n g  of anthrax v a c c i n a t i o n  was s i g n i f i c a n t l y  asso- 
ciated w i t h  e a c h  s y m p t o m  after a d j u s t m e n t  f o r  o t h e r  f a c t o r s  

and confounders f o r  both the comparison of S-R y e s  w i t h  

TABLE 3. P r e v a l e n c e  a n d  a d j u s t e d  o d d s  r a t i o s  of se lec ted  sel l -repurted m e d i c a l  c o n d i t i o n s  a m o n g  11.441 G u l f  W a r  v e t c r a n s  
a c c o r d i n g  t o  s e l f - r e p o n  o f  a n t h r a x  v a c c i n a t i o ~ ~ ;  a l s o  fo r  352 G u l f  W a r  v e t e r a n s  fo r  w h o m  a n r h r a x  v a c c i n a t i o n  is d o c u m e n t e d  i n  
DoD r e c o r d s  

Self-rcponcd a ~ r t h r o x  vaccination D( ru rncn tcJ  Adjusted d d s  ratio (95% CI)' 

Y r s  U n k n o w n  N o  I7011 Anrhrax  vaccination 
Condit ions (N = 4601) (N = 3961) (N = 2979) (N = 352) yes t  ~ n k n o w n '  DUD* 

Dcrmariris 34.9 28.4 18.7 29.7 1.85 (1.64-2.09) 1.62 (1.44-1.83) 1.39 (1.W-1.82) 
Gasrritis 33.8 27.4 18.1 28.9 1.85 (1.64-2.09) 1.55 (1.38-1.75) 1.46 (1.1 1-1.92) 
A r ~ h r t t i s  29.9 24.2 18.6 26.4 1.51 (1.33-1.70) 1.30 ( I  .14-1.47) 1.22 (0.93-1.62) 
Fruqucni diarrhea 29.5 23.5 13.8 23.8 1.93 (1.69-2.20) 1.69 (1.48-1.93) 1.39 (1.03-1.86) 
Ha i r  loss 22.0 19.8 11.8 16.3 1.87 (1.62-2.16) 1.73 (1.50-1.99) 1.25 (0.90-1.71) 
M i p a i n c s  21.2 19.1 13.6 15.9 1.42 (1.23-1.63) 1.37 (1.19-1.57) 0.96 (0.69-1.34) 
Lumbagc) 16.5 16.3 9.4 14.4 1.83 ( I  .56-2.143 1.82 (1.56-2.13) 1.30 (0.92-1.86) 
Rronchitrs 16.4 12.4 10.2 13.0 3 4 - 5  1.22 (1.04-1.42) 1.14 (0.79-1.65) 

'CI: cinfidcncc ~ntcwal. 
' ~ d j u t r d  d J a  rarias (95% CI) w r c  derived konr Icrgirrtc mcdcl5. Reference caregory W;L< e l f - r ep r t  "No." AJlusrmenr ur:a made b r  n~lmlxr of vaccines received axher rhan 
arrthntx (0.1 .. ... 5); ~ n d c r  (nralc vr. lcinalc); r g  in I99 1 ((30 vs. aM yo-.); rdce (whirc vs. ocher): mrriral >ratus (srngle v.i. ever inartid); cutk (ocicerur wanant vr. enlisrcd); 
hranch of service (nm-ground rnxps va. gnlund trak~ps); untr compouenr (scrivr duty vs. Naraonill G a r d  Rrrrvrs) :  currcnr alcnhttl u r  Iwirhin part I2 monrhr): anJ 
cumnr ci~arrrrc  ICY (wirhln past I1 mmihs). 

'Adiurcd tdJz racism (95% CI)  f,u docutncnicd wccinarion hy LXID records relative 10 sclf.rcpin "Nc? wcm Acr~veJ thraxagh rtrar~fted G~hran-Mantel .  Haeiuzcl (15) analyri.. 
Aditrsmenr war mde for vnrinhle\ that wen. cunclated w i ~ h  h n h  cxpcaure (anrhrar vacctnr) and c*urcoine (medical cnnd~rinn). Thew cnnfuunding facrr~rt inchodd nurnhcr 
(6 vxcincr received othcr rhara anrhrar. (G2  vr. 2.3); gcnJer (male vs. fcmalc); branch of service (non-prnund troops "3. Ercund rroops): unorcmnpmcnr (acriuc Juty vs. 
Narur~al Gmrd or Roervr,). 
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TABLE 4. Prevalence and adjusred odds ratiw of selected self-reported severe symptoms among L 1,441 Gulf War veterans according 
ro self-report of anthrax vaccination; also for 352 Gulf War veterms for whom anthrax vaccination is documented in DoD records 

Self-reported anrhrax vaccination Dtrumenred 
Adjusted odds ratio (95% CI)' 

Yes Unknown No  DoD Anthrax vaccination 
Symptoms (N = 4601) ( N  = 3861) ( N  = 2979) (N = 352) yest Unknown' DID* 

Joint aches or pain 21.8 16.8 9.7 16.5 2.05 (1.76-2.39) 1.76 (1.51-2.06) 1.50 (!.08-2.10) 
Running nost. 21.7 17.8 12.9 20.5 5 ( I - 7  1.43 (1.24-1.64) 1.32 (0.96-1.61) 

Headaches 21.4 17.7 11.3 16.8 1.69 (1.461.95) 1.53 (1.32-1.77) 1.18 (0.85-1.64) 
Back painlspasmr 20.4 18.5 12.4 13.1 1.54 (1.34-1.78) 1.51 (1.31-1.74) 0.98 (0.69-1.40) 
Anxious, irrirablc or upset 19.2 15.1 8.2 l S . O  2.02 (1.72-2.38) 1.75 (1.49-2.06) 1.46 ( 1.03-Z.07) 
Exces,ivc fatigue 18.8 13.4 7.1 14.3 2.19 (1.85-2.60) 1.83 (1.54-2.18) 1.62 (1.14-2.31 ) 

Sleep difficulty 18.3 13.8 7.6 15.1 2.04 (1.72-2.40) 1.71 (1.44-2.02) 1.57 (1.11-2.21) 
Awaken tired or worn our 17.8 13.8 7.8 14.0 1.86 (1.57-2.39) 1.62 0.38-1.92) 1.33 (9.9.3-1.91) 
Been depressed or hlur 15.4 11.8 6.7 12.1 1.94 (1.62-2.31) 1.65 (1.38-1.97) 1.43 (0.99-1.06) 
Reflux, heartburn. Indigestion 14.8 11.9 6.7 123 3 1.72 (1.44-226) 1.65 (1.13-2.43) 

'CI: c~mhdencr inrcrval. 
t~dlutcd rdds rdllO5 195% CI) were der~ved from logist~c mdrls. Reference crrcgucy uar sclf.rcport "Nu." Adjwtrnenr was ~natle for numhcr uf vaccine receivcd othrr than 
mthra (0.1, .... 5): gendcr (male vs. female); age ill 1991 (<3C vr. 230 yrs.): rdce Iwhitc vs. orhrr): mari tal  stnr\~.r (single rs. ever married): rank (oK1cer ur virranr vs. enlirtcd): 
brdnch d \cn.icr (non-gr~~nd troops vs. rnr,ps); amit cumpnrnt lacrive Juty vs. Nariorwl Guard or Rrscrvrs): current alcohl~l uw (within parr I2 nmlths); anJ 
current ctgnrcttc ux (wirhin parr I 2  month<). 

*A,ljurrd oJ& rar~rrr (95% CI) for documented vaccinaticm hy UID rect>r& rclntivc to %If-rcport 'No" wcre Jeriverl tl~rwgh rrratihrd Grhnn-Msnrel-Haenucl ( 15) arwlysir. 
Adjwrmenr was made for variahles that were cornlared with horh exposure lanthrax vaccine) and outcutnc (wvcrc symptom). T h w  confcnlnrling facton inchded number 
of vaccines recc~vcd orher than anthrax. (r2 vr. 2 3 1 ;  gender (male vs. felnnlel: branch of xrvicc (ni~n-ground troops vs. ground tmops); untrcmponcnt (acrivc Jury vs. 

Narional Guanl or Rerervcs). 

the reference category S-R no as well as for the comparison 
of S-R unknnwn with S-R no. Again, when we compare the 
"Documented DoD Croup" with S-R no, the associations 
disappear for five of the ten symptoms (Tahle 4) .  The 
ORs, adjusted for number of vaccines received other than 
anthrax, gender, ground vs. non-ground troops, and unit 
component show no association between documented an- 
thrax vaccination and symptoms of severe degree for five 
of the ten symptoms. From a non-parametric viewpoint, 
however, for four of the four indices (Tahle 2) ,  for seven 
of the eight medical conditions (Tahle 31, and for nine of 

TABLE 5. Prevalence of disability, health care utilization, 
and selected medical conditions among 352 Gulf War veterans 
for whom anthrax vaccinariun recurds exist in DoD stratified 
by self-reported rcsponsc to question on anthrax vaccination 

Ihcumcnted L)oD N = .352 

Ycs Unknown Nn  
InJicrslconJitions N = 160 N = 5s N = 34 

Funct~~trl.~l irnpairmcnr 30.3 11.8 14.7 
Lirnitaticln rmploymenr 19.9 12.1 5.9 
Clinic r.r>it 58.1 41.4 4 i .  l 
Hnspi[ i~l iz;~r~~~n 10.0 8.6 5.9 
Ikrnr,~titrs 3 1.2 28.1 20.6 
Ga. , ' ztrltts 32.6 1C.i 14.7 
Arrhrir~s 29.3 19.0 17.6 
FIC~IICIII Jiarthea 28.8 12.1 5.9 
Hair lui\ 17.1 17.2 8.8 
bligraincs 17.6 12.3 8.8 
Lumh;~go 14.5 l i . !  8.n 
Rronchiris 14.6 6.9 11.8 

Sle~ui ic~~~cr prr?l.ahlliry for Wilcc,xc*~t >irnc<l rnnlrc rest. F; < . $ I  (1-railell) ( I  7 ) .  

the ten symptoms (Table 41, the adjusted odds ratios are 
above 1.0. 

Next, we analyze the role perception of exposure plays 
with over-rcporting. Ln Table 5, the prevalences of the four 
health care indices and cop ranked eight major conditions 
are presented for the "Documented DoD Group," stratified 
by the three self-reported responses. For each of the 12 
indiceslconditinns, the prevalence for S-R yes group is 
greater than rhe prevalence for the S-R no group. InTahlc 6, 
the prevalences of the major symptoms are presented in a 
similar manner; for nine of the ten symptoms, the prevalence 
for S-R yes is greater than thr prevalence for S-R nu. This 
consistent pattern of the prevalences for rhe self-rcportcJ 

TABLE 6. Prcvalcnce uf severe symproms among 352 Gulf 
War veterans for whom anthrax vaccination records exist in 
1)oD strarified by aelf-reported rcsponsc to q~rcsrion on 
anthrax vaccination 

L)ocurnenrd DoL) N = 35: 

Yes Unknoupn Nu 
Symprorns N = 2 6 0  N = S R  N =  34 

Joinr nihcs paln I 7.7 12.1 15.2 
Runny n~>sc  22.8 10.3 20.6 
Huail;icl~es 18.1 l i . 5  5.9 
Hack ~ain/sparma 14.2 12.1 5.9 
Anx~uus. 1rrir;lhle tJr upacr 18.0 8.6 ? .9 
Excessive fariguc 17.4 6.9 L .9 
Slcrp J~fficulry 17.8 8.6 i .9 
A\v>~kcn tired or ~ L J ~ I I  O I I I  l i . 1  6.9 2 Y 
Hecn ~lcprcsiccl or bluc 14.2 6 .Y 5 .V 
Kr l l t~x,  tlc,irthcrn, ~ntligcsriorr 12.0 10.5 11.7 

Stpnific.~ncc pmh:~hil~ty 61r W~lct,sc,n iiend ranks rev, p C .1\1 I2.t;lllcJ) (17). 
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exposure groups is considered as cvidcr~cc of reporring 
bias, p < .Dl. 

DISCUSSION 

In a health survey of 15,000 Gulf War veterans, we found 
significimt differences in the prevalence for almost all symp- 
toms, functional status, and diseiise status categories bc- 
tween those who reported having received the anthrax 
vaccine (n = 4601) and those who did not so report 
(n = 2979). Information on the receipt of anthrax vaccine 
was collected from the veteran through the ~ o s t a l  survey 
instrument or through a telephone interview. As in any 
survey, self-reporred data need to be evaluated for a possibil- 
i t y  of recall bias (18). 

The self reported anthrax vaccination data collected in 
the National Health Survey and a DoD list of Culf War 
veterans who were documented as vaccinated allowed us to 
evaluate the possible recall bias. For the small group of 352 
veterans who responded to the survey and were also on the 
[)OD list, we have their responses to the question on anthrax 
vaccination by self-report. In this group. 34 (9.7%) self- 
reported "no, not vaccinated for anthrax," another 56 
( 15.9%) self- reported "don't know," while 260 (73.9%) self- 
reported "yes vaccinated"; the remaining 2 (0.6%) did not 
answer the anthrax vaccine question. Based on the data, 
the sensitivity of S-R could be calculated as 73.9% (2601 
352 ~100)  and the false-negative of S-R, 26.1%. However. 
since we do not have a "documented not vaccinated" group, 
we could not calculate the specificity or the false-positive 
rate. During the Gulf War, there were not widespread pro- 
cedures in place for maintaining immunization records. 
Marly expert panels have recommended efforts to improve 
record keeping and environ~nental monitoring in future 
deployments ( 1  9-22). 

A higher prevalence of any health outcome associated 
with anthrax vaccination is expected in the "Documented 
b>D Group" of 352 veterans more frequently than "Self- 
Report, yes" group of 4601 veterans because all of the 352 
veterans are considered vaccinated, while some unknown 
number of "Self-Report, yes" veterans were not vaccinated, 
unless the specificity of self report is nearly 100%. The  100% 
specificity is unlikely because DoD estimated approximately 
150,000 o i  697,000 (22%) Culf veterans received at least 
one dose of anthrax vaccine, while in the population-based 
survey, 4601 of 11.441 (4036) respondents reported receiving 
anthrax vaccination. Without exception, "Self-Report, yes" 
group reported higher prevalence of each of 22 health out- 
comes presented in Tables 2, 3, and 4. When a comparison 
is rnade for each outcome between "Self-Report, yes" group 
(n = 4601 ) and "Self-Report, yes" among "Documented 

DoD Group" (n = 260)' rhere is no significant' difference 
in prevalence for 21  of the 22  health outcomes. 

Stratification of rhe "Documented D o n  Group" into the 
three self-reported responses yields further demonstration 
of the effect of pcrceprion of vaccination on over-reporting. 
If the prevalence in the "S-R yes" group is higher than in 
the "S-R no" group, one may conclude that the difference 
isdue to perception rather rhan to actual effect of the anthrax 
vaccine. Conversely, if there were no difference in the prcv- 
alence of a given outcome by self-reported anthrax vaccina- 
tion status within the "Documented DoD Group," this may 
lead to the conclusion that the significant association found 
for the corresponding outcome in the larger samples in 
Tables 2, 3 and 4 could not be due to reporting bias. The 
consistent pattern of the higher prevalence of ahnormal 
outcomes in the "S-R yes" group compared with the "S-R 
no" group (signed-ranks test) for all outcorncs summarized 
(Tables 5 and 6)  is considered as evidence for rejecting the 
hypothesis of no reporting bias. 

In summary, this survey data along with the DoD list of 
Culf War veterans who received anthrax vaccine provide 
an opportunity to evaluate the long-term health con- 
sequences of anthrax vaccination. Although those who 
reported hav~ng received the vaccine reported higher 
prevalence of adverse health outcomes in all instances, the 
increases are likely due to reporting bias. Thc possibility of 
a reporting bias should be carefully considered when one 
evaluates the health consequences of anthrax vaccination 
based on  self-reported vaccination data. 

This project received support from the Medical Research Service, Office 
of Research and Developmmt. Department of Veterans Affairs. 
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